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PISTON FOR INTERNAL COMBUSTION portion , an annular outer bowl portion , and a spray - targeting 
ENGINE feature . The compound radius includes a radius R1 . Radius 

R1 includes a center of radius at a radial distance L1 from 
the central axis of the piston . Radius R1 is connected to and Matter enclosed in heavy brackets [ ] appears in the 5 5 extends inwardly from the valve pockets . The frustoconical original patent but forms no part of this reissue specifica outer floor portion is connected to the compound radius and tion ; matter printed in italics indicates the additions extends a distance L4 from the compound radius at an angle made by reissue ; a claim printed with strikethrough al to a plane perpendicular to the central axis . The annular indicates that the claim was canceled , disclaimed , or held outer bowl portion includes a radius R5 . The spray - targeting invalid by a prior post - patent action or proceeding . feature is positioned between the annular outer bowl portion 
and the frustoconical outer floor portion and includes a CROSS - REFERENCE TO RELATED radius R3 with a center of radius located at an axial distance APPLICATIONS H3 from the valve pockets . 

This disclosure also provides an internal combustion This application [ claims ] is a reissue application of and 15 engine comprising an engine body , a cylinder head , a claiming priority to U . S . Pat . No . 8 , 677 , 970 , entitled " PIS combustion chamber , and a piston . The cylinder head is TON FOR INTERNAL COMBUSTION ENGINE , " issued 
Mar . 25 , 2014 , which was based upon U . S . patent applica attached to the engine body . The combustion chamber is 
tion Ser . No . 13 / 422 , 992 , filed Mar 16 , 2012 , which claimed positioned between the cylinder head and the engine body . 
the benefit of priority to U . S . Provisional Patent Application 20 lication 20 The piston , which is located in the engine body , includes a 
No . 61 / 453 , 858 , filed on Mar . 17 , 2011 , the disclosures of pes of piston crow piston crown that forms a portion of the combustion cham 
which [ is ] are hereby expressly incorporated by reference ber . The piston crown includes a central axis , a plurality of 
herein in [ its entirety ] their entireties . valve pockets , and a piston bowl . The plurality of valve 

pockets is arranged about the periphery of the piston crown 
TECHNICAL FIELD 25 in a plane perpendicular to the central axis , . The piston bowl 

is positioned radially inward from the valve pockets . The 
This disclosure relates to the geometry of piston bowls for piston bowl includes a compound radius , a frustoconical 

pistons of internal combustion engines . outer floor portion , and a spray - targeting feature . The com 
pound radius includes a radius R1 . Radius R1 includes a 

BACKGROUND 30 center of radius at a radial distance L1 from the central axis . 
Radius R1 is connected to and extends radially inwardly 

Internal combustion engine designers have been chal - from the valve pockets . The frustoconical outer floor portion 
lenged to improve fuel efficiency and decrease emissions to is connected to the compound radius and extends a distance 
meet government regulations and customer expectations . L4 from the compound radius at an angle al to a plane 
One way of accomplishing both increased fuel efficiency 35 perpendicular to the central axis . The spray - targeting feature 
and decreased emissions is to increase the efficiency of is positioned between the annular outer bowl portion and the 
burning fuel in the combustion chambers of internal com frustoconical outer floor portion and includes a radius R3 
bustion engines . with a center of radius located at an axial distance H3 from 

Customers also demand improved life and reliability of the end surface . A ratio L4 / R3 is in the range of 0 . 2 to 3 . 0 
internal combustion engines . The high temperature in the 40 and the ratio H3 / L1 is in the range of 0 . 15 to 0 . 3 . 
combustion chamber of internal combustion engines puts This disclosure also provides an internal combustion 
significant stress on the cylinder head of an internal com engine comprising an engine body , a cylinder head , a 
bustion engine , reducing the life of the cylinder head and combustion chamber and a piston . The cylinder head is 
components installed in the cylinder head . attached to the engine body . The combustion chamber is 

If mixing of fuel and air or oxygen could be improved and 45 positioned between the cylinder head and the engine body . 
accomplished in a portion of the combustion chamber that is The piston is located in the engine body and includes a 
away from the cylinder head , improved engine efficiency piston crown that forms a portion of the combustion cham 
and decreased particulate matter emissions could be real ber . The piston crown includes a central axis , a plurality of 
ized . In addition , the stress from combustion temperatures valve pockets , and a piston bowl . The plurality of valve 
on the cylinder head could be reduced , improving the 50 pockets is arranged about the periphery of the piston crown 
reliability of the cylinder head . in a plane perpendicular to the central axis . The piston bowl 

is positioned radially inward from the valve pockets . The 
SUMMARY piston bowl includes a compound radius , a frustoconical 

outer floor portion , an annular outer bowl portion , a spray 
This disclosure provides an internal combustion engine 55 targeting feature , and a ski jump feature . The compound 

comprising an engine body , a cylinder head , a combustion radius is connected to and extends radially inward from the 
chamber , and a piston . The cylinder head is attached to the valve pockets . The frustoconical outer floor portion is con 
engine body . The combustion chamber is positioned nected to the compound radius and extends from the com 
between the cylinder head and the engine body . The piston pound radius at an angle al to a plane perpendicular to the 
is located in the engine body and includes a piston crown 60 central axis . The annular outer bowl portion includes a 
that forms a portion of the combustion chamber . The piston radius R5 . The spray targeting feature is positioned between 
crown includes a central axis , a plurality of valve pockets , the annular outer bowl portion and the frustoconical outer 
and a piston bowl . The plurality of piston pockets is arranged floor portion . The ski jump feature is positioned between the 
about the periphery of the piston crown in a plane perpen - annular outer bowl portion and the central axis and is 
dicular to the central axis . The piston bowl is positioned 65 connected to the annular outer bowl portion . The ski jump 
radially inward from the valve pockets . The piston bowl feature includes a radius R4 and a ratio R4 / R5 is in the range 
includes a compound radius , a frustoconical outer floor of 2 . 5 to 5 . 0 . 
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Advantages and features of the embodiments of this wardly ” correspond to the direction away from the engine 
disclosure will become more apparent from the following crankshaft and the words “ inward ” and “ inwardly ” corre 
detailed description of exemplary embodiments when spond to the direction toward the engine crankshaft or the 
viewed in conjunction with the accompanying drawings . BDC position of piston 24 . 

5 Engine 10 of the present disclosure may be a four - cycle 
BRIEF DESCRIPTION OF THE DRAWINGS compression ignition ( diesel ) engine employing direct injec 

tion of fuel into each combustion chamber 16 . An intake 
FIG . 1 is a sectional view of a portion of a combustion passage 26 formed in cylinder head 22 selectively directs 

chamber of an internal combustion engine in accordance intake air into combustion chamber 16 by means of a pair of 
with an exemplary embodiment of the present disclosure . 10 poppet valves 28 positioned in cylinder head 22 , only one of 

FIG . 2 is a sectional view of a portion of the combustion which is illustrated in FIG . 1 . Similarly , an exhaust passage 
chamber of FIG . 1 . 30 formed in cylinder head 22 selectively directs exhaust gas 

F1G . 3 is a perspective view of a portion of the piston of from combustion chamber 16 by means of a pair of exhaust 
FIG . 1 . poppet valves 32 positioned in cylinder head 22 , only one of 

FIG . 4 is a sectional view similar to FIG . 2 , showing the 15 which is illustrated in FIG . 1 . The opening and closing of 
location of the highest temperatures in the combustion valves 30 and 32 may be achieved by a mechanical cam or 
chamber during the closed combustion phase of the engine hydraulic actuation system ( not shown ) or other motive 
cycle . system in carefully controlled time sequence with the recip 

rocal movement of piston 24 . 
DETAILED DESCRIPTION 20 At the uppermost , TDC position shown in FIG . 1 , piston 

24 has just completed its upward compression stroke during 
Referring to FIG . 1 , the present disclosure is directed to which charge air allowed to enter combustion chamber 16 

an internal combustion engine , a portion of which is shown from intake passage 26 is compressed , thereby raising its 
in a cross sectional view and generally indicated at 10 . temperature above the ignition temperature of the engine ' s 
Engine 10 is capable of producing emissions , e . g . , NOx and 25 fuel . This position is usually considered the zero position 
particulates , at levels lower than the emissions levels pro - commencing the 720 degrees of rotation required to com 
duced by conventional engines . As discussed hereinbelow , plete four strokes of piston 24 . The amount of charge air that 
engine 10 includes various precise configuration parameters is caused to enter combustion chamber 16 and the other 
resulting in a combustion process that achieves desired combustion chambers of engine 10 maybe increased by 
combustion characteristics for producing reduced emission 30 providing a pressure boost in engine 10 ' s intake manifold 
levels . The configuration of engine 10 also provides a ( not shown ) . This pressure boost may be provided , for 
reduced temperature at a cylinder head 22 of engine 10 , example , by a turbocharger ( not shown ) , driven by a turbine 
improving the life and reliability of cylinder head 22 . powered by engine 10 ' s exhaust or may be driven by engine 

Engine 10 includes art engine body or block 14 , a small 10 ' s crankshaft ( not shown ) . 
portion of which is shown , and at least one combustion 35 Engine 10 also includes a fuel injector 34 , securely 
chamber 16 . Of course , engine 10 may contain a plurality of mounted in an injector bore 36 formed in cylinder head 22 , 
combustion chambers , for example four , six or eight , which for injecting fuel at very high pressure into combustion 
may be arranged in a line or in a “ V ” configuration . Each chamber 16 when piston 24 is approaching , at , or moving 
combustion chamber 16 is formed at one end of a cylinder away from , the TDC position . Injector 34 includes , at its 
cavity 18 , which may be formed directly in engine body 14 . 40 inner end , an injector nozzle assembly 38 . Injector 34 
Cylinder cavity 18 may be adapted to receive a removable includes a plurality of injection orifices 42 , formed in the 
cylinder liner 20 , which is only partially shown in FIG . 1 . lower end of nozzle assembly 38 , for permitting high 

Engine 10 also includes a cylinder head 22 that attaches pressure fuel to flow from the nozzle cavity of injector 34 
to engine body 14 to close cylinder cavity 18 . Engine 10 into combustion chamber 16 at a very high pressure to 
further includes a piston 24 positioned for reciprocal move - 45 induce thorough mixing of the fuel with the high tempera 
ment within each cylinder liner 20 in association with each ture , compressed charge air within combustion chamber 16 . 
combustion chamber 16 . Although only a top portion of It should be understood that injector 34 might be any type of 
piston 24 is shown in FIG . 1 , piston 24 may be any type of injector capable of injecting high - pressure fuel through a 
piston so long as it contains the features identified herein - plurality of injector orifices into combustion chamber 16 in 
below necessary for accomplishing the present disclosure . 50 the manner described hereinbelow . For example , injector 34 
For example , piston 24 may be an articulated piston or a may be a closed nozzle injector or an open nozzle injector . 
single piece piston . Moreover , injector 34 may include a mechanically actuated 
An upper surface or top face 25 of piston 24 cooperates plunger housed within the injector body for creating the high 

with cylinder head 22 and the portion of cylinder liner 20 pressure during an advancement stroke of the plunger 
extending between cylinder head 22 and piston 24 to define 55 assembly . Alternatively , injector 34 may receive high - pres 
combustion chamber 16 . Although not specifically illus - sure fuel from an upstream high - pressure source such as a 
trated , piston 24 connects to a crankshaft of engine 10 by pump - line - nozzle system including one or more high - pres 
way of a connecting rod that causes piston 24 to reciprocate sure pumps and / or a high - pressure accumulator and / or a fuel 
along a rectilinear path within cylinder liner 20 as the engine distributor . Injector 34 may include an electronically actu 
crankshaft rotates . FIG . 1 illustrates the position of piston 24 60 ated injection control valve that supplies high - pressure fuel 
in a top dead center ( TDC ) position achieved When the to the nozzle valve assembly to open a nozzle valve element 
crankshaft is positioned to move piston 24 to the furthest 38 , or controls the draining of high - pressure fuel from the 
most position away from the rotational axis of the crank - nozzle valve cavity to create a pressure imbalance on nozzle 
shaft . In a conventional manner , piston 24 moves from the valve element 38 . The pressure imbalance thereby causes 
TDC position to a bottom dead center ( BDC ) position when 65 nozzle valve element 38 to open and close to form an 
advancing through the intake and power strokes . For pur - injection event . For example , nozzle valve element 38 may 
poses of this disclosure , the words “ outward ” and “ out - be a conventional spring - biased closed nozzle valve element 
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actuated by fuel pressure , such as disclosed in U . S . Pat . No . ally perpendicularly to the axis of reciprocation of piston 24 
5 , 326 , 034 , the entire content of which is incorporated by and about the periphery of piston 24 . Also located in top face 
reference . Injector 34 may be in the form of the injector 25 of piston 24 is a plurality of valve pockets 69 . Each valve 
disclosed in U . S . Pat . No . 5 , 819 , 704 , the entire content of pocket 69 extends inwardly from a peripheral edge 70 
which is hereby incorporated by reference . 5 positioned at a junction of cylindrical wall 46 and top face 

The engine of the present invention includes combustion 25 of piston 24 . The plurality of valve pockets 69 separates 
chamber components and features sized , shaped and / or uppermost surface portion 68 into a plurality of raised 
positioned relative to one another , as described hereinbelow , islands or platforms . About the periphery of each valve to advantageously direct a fuel spray plume along top pocket 69 is a roiled edge 82 including a radius , which is a surface 25 of piston 24 toward cylinder liner 20 and down - 10 radius R1 in the transition between valve pocket 69 and ward into a piston bowl portion of piston 24 . This configu 
ration keeps the hottest portion of the combusting fuel spray piston bowl 56 . Located between valve pocket 69 and outer 

bowl portion 64 is a compound radius 72 , which includes plume away from cylinder head 22 and thus reduces the 
temperature of cylinder head 22 during the combustion radius R1 and a kick - up lip 73 including a radius R2 . Radius 
process . The aforementioned components and features also 15 R1 has a center 74 located a radial distance L1 from the 
promote efficient mixing of the diffusion flame with oxygen center of piston 24 and a longitudinal or axial distance H2 
available in combustion chamber 16 . vielding particulate inwardly from the inner surface of valve pocket 69 , which 
matter emissions below engine - out targets required to meet is equal to radius R1 . Radius R2 extends tangentially to 
system - out Environmental Protection Agency ( EPA ) regu radius R1 and tangentially to an annular outer floor portion 
lations . In addition , brake - specific nitrogen oxides ( BSNOx ) 20 78 of piston bowl 56 , joining outer floor portion 78 to 
are favorably reduced . compound radius 72 . Outer floor portion 78 is a flat , frus 

To understand the unique physical characteristics of com - toconically shaped portion extending radially inward toward 
bustion chamber 16 , and more specifically the characteris the center axis of piston 24 at an angle al to a plane 
tics of top surface 25 of piston 24 , attention is directed to perpendicular to the axis of reciprocation of piston 24 . Outer 
FIGS . 1 - 3 illustrating the various physical characteristics or 25 floor portion has a length L4 . An annular spray - targeting lip 
parameters that function to achieve the unexpected emission or feature 80 is characterized by radius R3 located at a depth 
and temperature reduction advantages of the present disclo - H3 inward from valve pocket 69 . Radius R3 is tangential to 
sure . As will be explained in more detail hereinbelow , outer floor portion 78 . To prevent an undercut in piston bowl 
combinations of physical characteristics and parameters 56 , a frustoconical segment 76 may extend between outer 
result in different types of advantages . The specific configu - 30 piston bowl 64 and radius R3 . 
ration , and more importantly , the critical dimensions and The various features described hereinabove are positioned 
dimensional relationships described hereinbelow result in in certain relationships to each other in the exemplary 
the improved functional performance of the present disclo - embodiment . In the axial direction from the planar surface 
sure . of valve pockets 69 , the center of radius R4 is furthest 
More particularly , the upper portion of piston 24 may be 35 inward or axially distant from the planar surface of valve 

referred to as a piston crown 48 . This portion of piston 24 pockets 69 . The center of radius R3 is between the center of 
includes a depending cylindrical wall 46 including a plural radius R4 and the planar surface of valve pockets 69 . The 
ity of peripherally opening , annular grooves 50 for receiving center of radius R5 is axially between the center of radius R3 
corresponding piston rings or seals 52 designed to form a and the center of radius R4 . The center of radius R1 is 
relatively tight combustion gas seal between piston 24 and 40 axially further than the center of radius R2 from the planar 
the surrounding wall of cylinder liner 20 . Piston crown 48 surface of valve pockets 69 . The axial position of the center 
includes top face 25 partially forming combustion chamber of radius R3 and the center of radius R1 means that axial 
16 and a piston bowl 56 formed by an outwardly opening distance H3 is larger than axial distance H2 . Axial distance 
cavity . Piston bowl 56 includes a projecting portion 58 H5 is between axial distance H2 and H3 in the exemplary 
preferably positioned at or near the center of piston bowl 56 . 45 embodiment , but axial distance H5 may be less than distance 
Projection 58 includes a distal end 60 positioned at the H2 in other embodiments . 
center of piston bowl 56 and thus positioned along an axis In a radial direction from the central axis of piston 24 , the 
of reciprocation of piston 24 . Distal end 60 is positioned at center of radius R5 is positioned between the central axis of 
a depth H5 from an inner surface of piston or valve pockets piston 24 and the center of radius R1 . The center of radius 
69 . Depth H5 is preferably in the range of 3 millimeters to 50 R4 is positioned radially between the central axis of piston 
6 millimeters . Projecting portion 58 also includes a flat , 24 and the center of radius R5 . The center of radius R3 is 
frustoconically shaped inner floor portion 62 . Floor portion radially between the center or radius R5 and the center of 
62 extends axially inward from projecting portion 58 toward radius R1 . The center of radius R2 is radially between the 
the BDC position of piston 24 or the crankshaft ( not shown ) center of radius R3 and the center of radius R1 . 
of engine 10 at an inner floor angle a2 in the range of 21 - 25 55 It should be apparent from the description hereinabove 
degrees , and preferably at an angle a2 of 23 degrees , from that the features of piston bowl 56 axially inward from the 
a plane perpendicular to the axis of reciprocation of piston surface of valve pockets 69 are concentric with the central 
24 as shown in FIG . 1 . Inner floor portion 62 also extends axis of piston 24 , which is also the central axis of piston 
radially outward from projecting portion 58 or radially bowl 56 . These features may also be described as annular 
outward from a central axis of piston 24 . 60 about the central axis of piston 24 . Because of the annular 

Piston bowl 56 includes an inwardly extending annular nature of the features of piston bowl 56 inward from the 
outer bowl portion 64 including a radius R5 . Positioned surface of valve pockets 69 , piston bowl 56 is symmetric 
between , and at the annular interface of , floor portion 62 and about the central axis of piston 24 at all locations in piston 
outer bowl portion 64 is an annular ski jump feature 66 bowl 56 that are axially inward from the surface of valve 
including a radius R4 that is tangential to floor portion 62 65 pockets 69 . Furthermore , piston 24 includes four valve 
and to outer bowl portion 64 . Top face 25 of piston 24 also pockets 69 positioned in piston crown 48 and these four 
includes an uppermost surface portion 68 extending gener valve pockets 69 are uniformly spaced about the top of 
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piston crown 48 . Thus , piston crown 48 is symmetric about which has a length L4 that forms a ratio L4 / R3 in the range 
any axial plane that includes the central axis of piston 24 . of 0 . 2 to 3 . 0 , delays the progression of the diffusion plume 

The benefit of this configuration is in the way a fuel plume toward cylinder head 22 , which serves to lower heat transfer 
from fuel injector 34 is guided and combusted within to cylinder head 22 . The reduced heat transfer occurs 
combustion chamber 16 . More specifically , the configura - 5 because piston 24 is moving in a downward stroke and the 
tion of outer floor portion 78 and radius R1 of compound gas in cylinder 18 between piston 24 and cylinder head 22 
radius 72 enables a reduction in heat transferred to cylinder is expanding . Hence , the bifurcation of the diffusion plume 
head 22 . Furthermore , the configuration of ski jump 66 near cylinder head 22 has the advantage of preventing 
radius R4 , radius R5 of outer bowl portion 64 , spray excessive heat transfer to cylinder head 22 while using 
targeting lip or feature 80 , and radius R2 of compound radius 10 available oxygen within recirculation zones to improve 
72 enables smoke , dry particulate or soot control and low combustion of fuel in the diffusion plume . The rollover 
fuel consumption . radius or feature R1 of compound radius 72 and along edges 

The features described hereinabove need to comply with 82 of valve pocket 69 assists in ensuring a smooth rollover 
the following dimensions and relationships in addition to of the diffusion plume onto valve pockets 69 and uppermost 
previously described dimensions and relationships . As pre - 15 surface portion 68 . In the absence of rollover feature R1 and 
viously described , the edge of each valve pocket 69 has a rolled edges 82 , at least some of the diffusion plume would 
radius where edge 82 meets uppermost surface portion 68 separate from piston 24 and flow toward cylinder head 22 , 
and where pocket 69 meets piston bowl 56 . This radius is R1 resulting in higher cylinder head temperatures . In addition to 
at the junction with piston bowl 56 . The radius of edge 82 the aforementioned temperature benefits , radius R5 of outer 
is equal to the axial distance from valve pocket 69 to 20 bowl portion 64 and radius R4 of the ski - jump feature or lip 
uppermost surface 68 . Outer floor portion 78 has length L4 66 promotes an upward turbulence to burn out soot - rich 
positioned at an angle al with respect to the planar surface region 94 in combustion chamber 16 by concentrating the 
of valve pocket 69 . In the exemplary embodiment , length L4 highest temperatures combustion chamber 16 along piston 
and radius R3 meet the requirements of equation ( 1 ) and bowl 56 . Radius R5 and radius R4 , which form ratio R5 / R4 
angle al meets the condition of equation ( 2 ) . 25 in the range of 2 . 5 to 5 . 0 , work with spray - targeting feature 

80 , defined by radius R3 and axial distance H3 , and radius 0 . 25L4 / R3s3 . 0 ( Equation 1 ) R2 of compound radius 72 to reduce smoke , soot or par 
ticulates as well as improving fuel consumption and effi 

al < 60 degrees ( Equation 2 ) ciency . As previously noted , H3 and L1 form the ratio H3 / L1 
As previously described , ski jump feature 66 includes radius 30 in the range of 0 . 15 to 0 . 3 . 
R4 and outer bowl portion 64 includes radius R5 . Radius R4 Testing of the configuration of the present disclosure 
and radius RS meet the requirements of equation ( 3 ) . indicates a temperature reduction in cylinder head 22 in the 

range of 10 to 15 degrees Fahrenheit as compared to 
2 . 55R5 / R455 . 0 ( Equation 3 ) conventional piston designs , depending on engine speed . 

Spray - targeting feature 80 includes radius R3 with a center 35 This configuration also reduces brake specific NOX 
of radius that is positioned at depth H3 from valve pocket ( BSNOx ) by 14 % to 17 % with an increase in engine out 
surface 69 . Compound radius 72 includes radius R1 that has brake specific dry particulate matter ( BSDPM ) of 11 % to 
a center of radius located radial distance L1 from the axial 17 % and an increase in brake specific fuel consumption of 
or longitudinal center of piston 24 . Note that radial distance approximately 0 . 8 % . However , the increase in dry particu 
L1 represents the radius of piston bowl 56 , making radial 40 late matter , or soot , remains within the EPA regulated 
distance L1 half the width of piston bowl 56 . Depth H3 and guidelines and can be controlled further by aftertreatment 
radial distance L1 meet the requirements of equation 4 . systems . In addition , the small decrease in fuel consumption 

may be compensated by increasing the compression ratio of 
0 . 155H3 / L150 . 3 ( Equation 4 ) the piston to 18 : 1 , which achieves 1 . 5 % lower fuel con 

As will be seen from the description hereinbelow , equations 45 sumption than a previous comparable design , thus increas 
( 1 ) , ( 2 ) and ( 4 ) combine to achieve reduced heat transfer to ing fuel consumption . 
cylinder head 20 and equations ( 1 ) , ( 3 ) and ( 4 ) combine to While various embodiments of the disclosure have been 
control smoke , soot or particulate control and fuel consump - shown and described , it is understood that these embodi 
tion or efficiency . ments are not limited thereto . The embodiments may be 

Referring now to FIG . 4 , which shows piston 24 moving 50 changed , modified and further applied by those skilled in the 
in a downward or inward stroke toward the engine crank - art . Therefore , these embodiments are not limited to the 
shaft , the benefit of the present disclosure described here detail shown and described previously , but also include all 
inabove is illustrated . A fuel plume from fuel injectors 42 s uch changes and modifications . 
flows along a path 84 across piston bowl 56 toward spray 
targeting feature 80 in piston bowl 56 , becoming a diffusion 55 We claim : 
plume as the fuel plume interacts with air from intake 1 . An internal combustion engine , comprising : 
valve ( s ) 28 . Radius R3 of spray - targeting feature or lip 80 an engine body ; 
causes the diffusion plume to bifurcate at spray - targeting lip a cylinder head attached to the engine body ; 
80 , directing a portion of the diffusion plume along a path 86 a combustion chamber positioned between the cylinder 
into outer bowl portion 64 while the remainder flows along 60 head and the engine body ; and 
a path 88 toward cylinder head 22 . When the diffusion plume a piston , including a piston crown that forms a portion of 
reaches compound radius 72 , the configuration and dimen the combustion chamber , located in the engine body , 
sions of compound radius 72 cause the diffusion plume to be the piston crown including a central axis , 
bifurcated again , guiding a portion of the diffusion plume a plurality of valve pockets arranged about the periphery 
toward cylinder liner 20 along a path 90 , while the remain - 65 of the piston crown in a plane perpendicular to the 
der of the diffusion plume is directed or recirculated along central axis , 
a path 92 back into piston bowl 56 . Outer floor portion 78 , an uppermost surface portion , and 
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a piston bowl positioned radially inward from the valve piston bowl including : a compound radius including a 
pockets , the piston bowl including : radius R1 , radius R1 including a center of radius at a 

a compound radius including a radius R1 , radius R1 radial distance L1 from the central axis , radius R1 
including a center of radius at a radial distance L1 from connected to and extending inwardly from the valve 
the central axis , radius R1 connected to and extending 5 pockets to form a smooth transition between the valve 
inwardly from the valve pockets to form a smooth pockets and the piston bowl ; a frustoconical outer floor 
transition between the valve pockets and the piston portion connected to the compound radius , the frusto 
bowl ; conical outer floor portion extending a distance L4 

a frustoconical outer floor portion connected to the com from the compound radius at an angle al to a plane 
pound radius , the frustoconical outer floor portion 10 perpendicular to the central axis ; an annular outer bowl 
extending a distance L4 from the compound radius at portion ; and a spray - targeting feature positioned 
an angle of to a plane perpendicular to the central axis ; between the annular outer bowl portion and the frus 

an annular outer bowl portion including a radius R5 ; and toconical outer floor portion and including a radius R3 
a spray - targeting feature positioned between the annular with a center of radius located at an axial distance H3 

outer bowl portion and the frustoconical outer floor 15 from the end surface , each of the valve pockets includ 
portion and including a radius R3 with a center of ing a rolled edge extending between the valve pocket 
radius located at an axial distance H3 from the valve and the uppermost surface portion , the rolled edge 
pockets , including a radius to form a smooth transition between 

wherein each of the valve pockets includes a rolled edge the valve pocket and the uppermost surface portion ; 
extending between the valve pocket and the uppermost 20 wherein a ratio L4 / R3 is in the range of 0 . 2 to 3 . 0 and a 
surface portion , the rolled edge including a radius to ratio H3 / L1 is in the range of 0 . 15 to 0 . 3 . 
form a smooth transition between the valve pocket and 17 . The internal combustion engine of claim 16 , wherein 
the uppermost surface portion ; al is less than 60 degrees . 

wherein a ratio L4 / R3 is in the range of 0 . 2 to 3 . 0 . 18 . An internal combustion engine , comprising : 
[ 2 . The internal combustion engine of claim 1 , wherein a 25 an engine body ; 

ratio L4 / R3 is in the range of 0 . 2 to 3 . 0 . ] a cylinder head attached to the engine body ; 
3 . The internal combustion engine of claim [ 2 ] 1 , wherein a combustion chamber positioned between the cylinder 

a ratio of H3 / L1 is in the range of 0 . 15 to 0 . 3 . head and the engine body ; and 
4 . The internal combustion engine of claim 3 , wherein al a piston , including a piston crown that forms a portion of 

is less than 60 degrees . the combustion chamber , located in the engine body , 
5 . The internal combustion engine of claim 1 , wherein a the piston crown including a central axis , an uppermost 

ratio of H3 / L1 is in the range of 0 . 15 to 0 . 3 . surface portion , a plurality of valve pockets arranged 
6 . The internal combustion engine of claim 5 , wherein al about the periphery of the piston crown in a plane 

is less than 60 degrees . perpendicular to the central axis , and a piston bowl 
7 . The internal combustion engine of claim 1 , wherein al 35 positioned radially inward from the valve pockets , the 

is less than 60 degrees . piston bowl including : 
8 . The internal combustion engine of claim 1 , the piston a compound radius connected to and extending 

bowl further including a ski jump feature located radially inwardly from the valve pockets to form a smooth 
inward from the annular outer bowl portion , the ski jump transition between the valve pockets and the piston 
feature tangentially connected to the annular outer bowl 40 bowl ; 
portion and including a radius R4 . a frustoconical outer floor portion connected to the 

9 . The internal combustion engine of claim 8 , wherein a compound radius , the frustoconical outer floor por 
ratio R5 / R4 is in the range of 2 . 5 to 5 . 0 . tion extending from the compound radius at an angle 

10 . The internal combustion engine of claim 9 , wherein a al to a plane perpendicular to the central axis ; 
ratio L4 / R3 is in the range of 0 . 2 to 3 . 0 . 45 an annular outer bowl portion including a radius R5 ; 

11 . The internal combustion engine of claim 10 , wherein a spray - targeting feature positioned between the annu 
a ratio of H3 / L1 is in the range of 0 . 15 to 0 . 3 . lar outer bowl portion and the frustoconical outer 

12 . The internal combustion engine of claim 11 , wherein floor portion ; and 
al is less than 60 degrees . a ski jump feature positioned between the annular outer 

13 . The internal combustion engine of claim 9 , wherein a 50 bowl portion and the central axis and connected to 
ratio of H3 / L1 is in the range of 0 . 15 to 0 . 3 . the angular outer bowl portion , the ski jump feature 

14 . The internal combustion engine of claim 13 , wherein including a radius R4 , 
al is less than 60 degrees . each of the valve pockets including a rolled edge extend 

15 . The internal combustion engine of claim 9 , wherein ing between the valve pocket and the uppermost sur 
al is less than 60 degrees . face portion , the rolled edge including a radius to form 

16 . An internal combustion engine , comprising : a smooth transition between the valve pocket and the 
an engine body ; uppermost surface portion : 
a cylinder head attached to the engine body ; wherein a ratio R5 / R4 is in the range of 2 . 5 to 5 . 0 . 
a combustion chamber positioned between the cylinder 19 . The internal combustion engine of claim 18 , wherein 

head and the engine body ; and 60 angle al is less than 60 degrees . 
a piston , including a piston crown that forms a portion of 20 . The internal combustion engine of claim 19 , wherein 

the combustion chamber , located in the engine body , the frustoconical outer floor portion extends radially out 
the piston crown including a central axis , an uppermost ward a distance L4 at an angle al and the spray - targeting 
surface portion , a plurality of valve pockets arranged feature has a radius R3 and a ratio L4 / R3 is in the range of 
about the periphery of the piston crown in a plane 65 0 . 2 to 3 . 0 . 
perpendicular to the central axis , and a piston bowl 21 . A piston , comprising : 
positioned radially inward from the valve pockets , the a piston crown including a central axis , 
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a plurality of valve pockets arranged about the periphery L4 / R3 is in the range of 0 . 2 to 3 . 0 and a ratio H3 / L1 is 
of the piston crown in a plane perpendicular to the in the range of 0 . 15 to 0 . 3 . 
central axis , 26 . The piston of claim 25 , wherein al is less than 60 

an uppermost surface portion , and degrees . 
a piston bowl positioned radially inward from the valve 5 27 . A piston , comprising : 

pockets , the piston bowl including : a piston crown including a central axis , an uppermost 
a compound radius including a radius Ri , radius RI surface portion , 

including a center of radius at a radial distance LI a plurality of valve pockets arranged about the periphery 
from the central axis , radius Rl connected to and of the piston crown in a plane perpendicular to the 
extending inwardly from the valve pockets to form a 10 central axis , and 
smooth transition between the valve pockets and the a piston bowl positioned radially inward from the valve 
piston bowl ; pockets , the piston bowl including : 

a frustoconical outer floor portion connected to the com a compound radius connected to and extending 
pound radius , the frustoconical outer floor portion 15 inwardly from the valve pockets to form a smooth 
extending a distance L4 from the compound radius at transition between the valve pockets and the piston 
an angle al to a plane perpendicular to the central bowl ; 

a frustoconical outer floor portion connected to the 
an annular outer bowl portion including a radius R5 ; and compound radius , the frustoconical outer floor por 

a spray - targeting feature positioned between the annu - 20 tion extending from the compound radius at an angle 
lar outer bowl portion and the frustoconical outer floor al to a plane perpendicular to the central axis ; 
portion and including a radius R3 with a center of an annular outer bowl portion including a radius R5 ; 
radius located at an axial distance H3 from the valve a spray - targeting feature positioned between the annu 
pockets , lar outer bowl portion and the frustoconical outer 

wherein each of the valve pockets includes a rolled edge 25 floor portion ; and 
extending between the valve pocket and the uppermost a ski jump feature positioned between the annular outer 
surface portion , the rolled edge including a radius to bowl portion and the central axis and connected to 
form a smooth transition between the valve pocket and the annular outer bowl portion , the ski jump feature 
the uppermost surface portion ; including a radius R4 , 

wherein a ratio of H3 / L1 is in the range of 0 . 15 to 0 . 3 . 30 each of the valve pockets including a rolled edge extend 
22 . The piston of claim 21 , wherein a ratio L4 / R3 is in the ing between the valve pocket and the uppermost surface 

range of 0 . 2 to 3 . 0 . portion , the rolled edge including a radius to form a 
23 . The piston of claim 21 , wherein al is less than 60 smooth transition between the valve pocket and the 

degrees . uppermost surface portion ; wherein a ratio R5 / R4 is in 
24 . The piston of claim 21 , the piston bowl further 35 the range of 2 . 5 to 5 . 0 . 

including a ski jump feature located radially inward from the 28 . The piston of claim 27 , wherein angle al is less than 
annular outer bowl portion , the ski jump feature tangentially 60 degrees . 
connected to the annular outer bowl portion and including 29 . The piston of claim 28 , wherein the frustoconical 
a radius R4 . outer floor portion 

25 . A piston , comprising : 40 extends radially outward a distance L4 at an angle al and 
a piston crown including a central axis , an uppermost the spray - targeting feature has a radius R3 and a ratio 

surface portion , L4 / R3 is in the range of 0 . 2 to 3 . 0 . 
a plurality of valve pockets arranged about the periphery 30 . A piston , comprising : 
of the piston crown in a plane perpendicular to the a piston crown including a central axis , 
central axis , and 45 a plurality of valve pockets arranged about the periphery 

a piston bowl positioned radially inward from the valve of the piston crown in a plane perpendicular to the 
pockets , the piston bowl including : central axis , 

a compound radius including a radius RI , radius RI an uppermost surface portion , and 
including a center of radius at a radial distance L1 a piston bowl positioned radially inward from the valve 
from the central axis , radius Rl connected to and 50 pockets , the piston bowl including : 
extending inwardly from the valve pockets to form a a compound radius including a radius Ri , radius RI 
smooth transition between the valve pockets and the including a center of radius at a radial distance L1 
piston bowl ; from the central axis , radius Rl connected to and 

a frustoconical outer floor portion connected to the com extending inwardly from the valve pockets to form a 
pound radius , the frustoconical outer floor portion 55 smooth transition between the valve pockets and the 
extending a distance L4 from the compound radius at piston bowl ; 
an angle al to a plane perpendicular to the central a frustoconical outer floor portion connected to the 
axis ; an annular outer bowl portion ; and compound radius , the frustoconical outer floor por 

a spray - targeting feature positioned between the annular tion extending a distance L4 from the compound 
outer bowl portion and the frustoconical outer floor 60 radius at an angle al to a plane perpendicular to the 
portion and including a radius R3 with a center of central axis ; 
radius located at an axial distance H3 from the end an annular outer bowl portion including a radius R5 ; 
surface , each of the valve pockets including a rolled a spray - targeting feature positioned between the annu 
edge extending between the valve pocket and the upper lar outer bowl portion and the frustoconical outer 
most surface portion , the rolled edge including a radius 65 floor portion and including a radius R3 with a center 
to form a smooth transition between the valve pocket of radius located at an axial distance H3 from the 
and the uppermost surface portion ; wherein a ratio valve pockets ; and 



14 
US RE46 , 806 E 

13 
a frustoconical segment positioned between the spray 

targeting feature and the annular outer bowl portion 
to prevent an undercut in the piston bowl ; 

wherein each of the valve pockets includes a rolled edge 
extending between the valve pocket and the uppermost 5 
surface portion , the rolled edge including a radius to 
form a smooth transition between the valve pocket and 
the uppermost surface portion . 

* * * * 


